Abstract-DNA methylation has been discovered in Drosophila only recently. Current evidence indicates that de novo methylation patterns in drosophila are maintained in a different way compared to vertebrates and plants. As the genomic role and determinants of DNA methylation are poorly understood in invertebrates, its link with several factors has been suggested. In this study, we tested for the putative link between DNA meth ylation patterns in Drosophila melanogaster and radiation or the activity of P transposon. Neither of the links were apparent from the results, however, we obtained some hints on a possible link between DNA methylation pattern and genomic heterogeneity of fly lineages.
INTRODUCTION
DNA methylation is believed to play a crucial role in regulation of many genomic processes in eukary otes, including gene silencing [1, 2] , chromatin struc turing [3] , and repression of the activity of transposons [4, 5] . In most cases and groups of organisms, methy lation involves addition of the methyl group to the 5th carbon atom in the cytosine molecule leading to cre ation of the 5 me thylcytosine. The genome wide pattern is heritable and copied to new DNA molecules during replication (maintenance methylation) or reproduced anew during ontogenesis (de novo methy lation) [6] . Most methylation in vertebrates and plants involves cytosines within CpG dinucleotide motifs. Unlike vertebrates, little is known about methylation and its functions in invertebrates, particularly in Drosophila. However, there are a number of features that distinguish Drosophila from other organisms for which methylation is known, which makes the fly a rather interesting study object in the context of meth ylation. First of all, in Drosophila both types of meth ylation-maintenace and de novo-appear to be cat alyzed by the DNA methyl transferase 2, which differs from the mechanism in vertebrates where these func tions are performed by DNA methyltranferases 1 and 3A/B, respectively [7, 8] . Second, methylation in Drosophila is not so heavily concentrated on cytosine in CpG dinucleotide contexts as in vertebrates and plants, and methylation in CpT, CpC and CpA motifs is very common [7, 9] . And third, unlike in vertebrates, the amount of DNA methylation rapidly decreases 1 The article is published in the original. during ontogenesis, with only about 1% of cytosines remaining methylated in adults [9, 10] .
Although one of the earliest publications indicating the presence of methylation in Drosophila dates back to the 1980s [11] , methylation has long been thought to be restricted to polytene chromosomes. Just a decade ago, methylation was still thought to be absent from the Drosophila genome [12, 13] , but was discov ered soon thereafter [9, 14, 15] .
One of the most interesting peculiar traits in Droso phila is the fact that its DNA methylation is scattered throughout coding regions of genes, again unlike in vertebrates where methylation is primarily concen trated in the CG rich promoter regions [16] . This dif ference may be indicative of a potential difference in prevalent functions: gene silencing in vertebrates and gene expression regulation in Drosophila (see also [17] ).
DNA methylation has been shown to be involved in retrotransposon repression [18, 19] . In this context, an interesting question that still remains open is whether DNA methylation is involved in repression of transpo son activity in Drosophila. Transposons do get methy lated [20] . However, there is evidence that appears to argue against the involvement of methylation in trans poson activity regulation in Drosophila (reviewed in [16] ), and most of the regulative function is ascribed to RNA interference. Nonetheless, experiments with transgenic hypermethylated flies [21] demonstrate that hypermethylation leads to extra methylation of heterochromatin and, thus, has a profound effect on its structure. As the majority of transposable elements are actually found in heterochromatin [22] , such an influence of methylation may be expected to cause steric silencing of many heterochromatin structures, including transposons. In the case of P elements, two primary repression mechanisms are known-repres sion proteins produced by incomplete copies of P ele ment and RNA interference. However, methylation may well constitute at least part of the repression sys tem acting through chromatin restructuring or other as yet unidentified mechanisms. The aim of the present study was to address this question using flies with potentially differing levels of transposon activity. Experimental evidence suggests that ionizing radiation causes increased activity of transposition in Drosophila transposable element [23, 24] . In this study, we hypothesized that the puta tive involvement of DNA methylation in Drosophila in regulation of transposon activity should produce different genome wide methylation patterns in flies from radioactively uncontaminated areas and flies liv ing near a cooling pond from the Chornobyl Nuclear Power Plant, an area with very high ambient radiation levels. Other research that is underway in our lab sug gests rapid evolutionary responses to P element inva sion in populations from highly contaminated areas that may be related to maternally inherited cytotype (unpublished data). These data are in accordance with the hypothesis of higher activity of P elements in radioactively contaminated areas, as the rate of evolu tion of cytotype is inherently assumed to depend on the activity of P elements. In this way, if the hypothesis of the involvement of methylation in P element regu lation turns to be true, we can expect higher methyla tion levels in populations with cytotypes that are char acterized with a more developed P element repression potential (i.e. Q and P cytotypes). In the case of Ukrainian populations, this means that the genome of Chorobyl flies is expected to be methylated heavier than that of any other population from uncontami nated areas. Going further, evidence of the involve ment of DNA methylation in P element activity regu lation would imply that DNA methylation is actually part of the cytotype "hardware", along with suppres sor proteins and RNA interference.
DNA Methylation in Drosophila melanogaster

MATERIALS AND METHODS
D. melanogaster flies were collected in the summer 2009 from three locations in Ukraine. The first loca tion ("Cooling Pond") was located adjacent to the Chor nobyl Nuclear Power Plant cooling pond and had an ambient background radiation level of about 2100 µR/h. The second site ("Varva") was located in Chernigiv region of Ukraine, an area which was not affected by the fallout from the Chornobyl disaster, and has very low nat ural background radiation levels (typically <3 µR/h), making it one of the cleanest places in Ukraine in this respect. The third population (Motovylivka) was sam pled 50 km south of Kyiv from a non contaminated area. All the three populations are known to contain fragments of P elements and these P elements have two HhaI restriction sites [25] . Laboratory wild type strains Canton S, which does not contain P elements and possesses M cytotype, and Harwich, which con tains P element and has well developed P cytotype, were used in standard crosses to obtain control prog eny with activated or repressed P element.
DNA was extracted using the DNeasy Blood and Tissue DNA Extraction Kit ("Qiagen", USA) follow ing manufacturer's protocol. A total of 50 flies were used in each extraction.
To assess the patterns of methylation, the restric tion endonuclease based technique referred to as MSRE (Methylation Sensitive Restriction Enzyme analysis) was used (for summary see [26] ). DNA was digested with the cytosine methylation sensitive HhaI restriction endonuclease whose restriction site includes CpG doublets. 10U HhaI were used with the appropriate buffer in a total restriction mix volume of 35 µl. Incubation lasted for 5 hours at 37°C.
Digestion results were visualized using the standard 1% agarose gel electrophoresis with ethidium bromide staining.
RESULTS AND DISCUSSION
To test whether radiation affects DNA methylation pattern in D. melanogaster we analysed MSRE pat terns of female and male flies caught in the wild. The results are shown in Fig. 1 . As can be seen from Fig. 1 , a clearly discernible difference in MSRE methylation patterns exists between males and females from two populations-Varva and Cooling Pond. This differ ence is, however, absent from Motovylivka flies, whose DNA seems to be less methylated. No radiation level consistent pattern is evident from Fig. 1 To analyze the putative link between DNA methy lation and the activity of transposons, we tested labo ratory wild type strains Canton S (lacks of P element at all), Harwich (possesses autonomous P element which is repressed though by the P cytotype), as well as their crosses female Canton S × male Harwich (which results in the activation of P element in the genome of the F1 progeny) and female Harwich × male Canton S (the F1 progeny contain P element which activity is repressed). The respective MSRE patterns are shown in Fig. 2 . As can be seen from Fig. 2 , hybrids of both sexes produce more even MSRE patterns, and sexual dimorphism is more notable from pure strains. This distribution suggests that activation of P element is not linked with altered methylation, as both crosses pro duced similar MSRE patterns. However, interestingly both laboratory strains share a similar pattern that is still different from that produced by hybrids.
The results we obtained suggest that neither the activity of transposons nor radiation exposure corre late with MSRE methylation patterns in D. melano gaster. However, we obtained very similar methylation patterns in two very different laboratory strains. As both strains are very old, they are highly inbred. We suggest that inbreeding leading to significantly reduced genetic heterogeneity may have accounted for the methylation patterns we obtained. This hypothesis needs further testing and suggests that genome hetero geneity may influence the pattern of de novo methyla tion in Drosophila. 
